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Abstract
The electrovac axisymmetric extreme isolated horizon/CFT correspon-
dence is considered. By expansion techniques under the Bondi-like coordi-
nates, it is proved that the near horizon geometry of electrovac axisymmet-
ric extreme isolated horizon is unique. Furthermore, explicit coordinate
transformation between the Bondi-like coordinates and the Poincare-type
coordinates for the near horizon metric of the extreme Kerr-Newmann
spacetime is found. Based on these analyses and the thermodynamics of
the isolated horizon, then, the Kerr/CFT correspondence is generalized
to nonstationary extreme black holes with electromagnetic fields.
1 Introduction
The discovery of Bekenstein-Hawking entropy was a great break through in the-
oretical physics in the last decades, but the microscopic origin of it still remains
unclear. In [1, 2], the entropy of 5-dimensional and 4-dimensional extreme black
holes in string theory were derived by counting the degeneracy of BPS soliton
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bound states. Based on the demonstration that any consistent theory of quan-
tum gravity on AdS3 is holographically dual to a 2-dimensional conformal field
theory (CFT) did not invoke string theory[3], entropy of the black holes whose
near horizon geometry is locally AdS3 was counted in a dual 2-dimensional
conformal field theory without using string theory or supersymmetry[4].
Paralleling to the AdS3/CFT2 duality, the correspondence between the near
horizon extreme Kerr (NHEK) geometry and CFT was found in [5], via a near
horizon limiting procedure. Given the suitably-chosen boundary conditions at
the asymptotic infinity of NHEK, they found that the asymptotic symmetry
group (ASG) extends to a Virasoro algebra upon Noether charge realizations.
The central charge of this algebra was calculated. Then, with the Frolov-Thorne
temperature and the Cardy formula, the microscopic entropy of extreme Kerr
was computed, which is found exactly the same as the macroscopic Bekenstein-
Hawking entropy of the black hole. Thus the extreme Kerr black hole is holo-
graphically dual to a chiral 2-dimensional CFT.
This duality has been generalized to many situations, including other black
holes, diverse dimensions, supergravities etc[6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16].
For a nice review, see [17, 18]. We would like to emphasize that [19] generalized
the Kerr/CFT correspondence to the Kerr-Newman-AdS-dS/CFT correspon-
dence in four dimensions since it will be closely related to this paper. Never-
theless, most of the situations that have been considered are all stationary. In
fact, [20] has generalized the Kerr/CFT correspondence to the vacuum extreme
isolated horizon/CFT correspondence. It is well-known that all stationary hori-
zon satisfy the defination of isolated horizon (IH)[21, 22], but IH contains some
non-stationary cases[23, 24]. It should also be emphasized that the spacetime
itself in the IH framework does not need to be axisymmetric, though the inner
horizon data of it is axisymmetric.
On the other hand, based on the result of Lewandowski and Pawlowski[25],
we know that the inner geometry of axisymmetric electrovac extreme IH coincide
with the extreme Kerr-Newman event horizon. Thus it is natural to ask whether
this correspondence could be generalized further to electrovac extreme IH/CFT
correspondence.
The paper is organized as follows. In section 2, we review the properties of
Kerr-Newman spacetime. In section 3, the isolated horizon is introduced and
we get the metric of its near horizon limit by expansion techniques under the
Bondi-like coordinates. We find that the near horizon geometry of axisymmetric
electrovac extreme IH is the same as that of the extreme Kerr-Newman space-
time. In section 4, we discuss the electrovac extreme IH/CFT correspondence.
Section 5 is devoted to the summary and some discussions.
2 Review of Kerr-Newman spacetime
The Kerr-Newman (KN) solution of Einstein equation describes the stationary
and axisymmetric rotational charged black hole. The metric of KN spacetime
in Boyer-Lindquist coordinates is
2
ds2 = −
∆
ρ2
(dtˆ− a sin2 θdφˆ)2 +
ρ2
∆
drˆ2 + ρ2dθ2 (1)
+
sin2 θ
ρ2
(adtˆ− (rˆ2 + a2)dφˆ)2
with
ρ2 = rˆ2 + a2 cos2 θ,
∆ = rˆ2 − 2Mrˆ + a2 +Q2, (2)
Q2 = Q2e +Q
2
m.
Here Qe is the electric charge and Qm the magnetic charge.
The electromagnetic potential and field strength of KN are
A = −
Qerˆ
ρ2
[
dtˆ− a sin2 θdφˆ
]
−
Qm cos θrˆ
ρ2
[
adtˆ− (rˆ2 + a2)dφˆ
]
, (3)
F =
Qe(rˆ
2 − a2 cos2 θ) + 2Qmrˆa cos θ
ρ4
[
dtˆ− a sin2 θdφˆ
]
∧ drˆ (4)
+
Qm(rˆ
2 − a2 cos2 θ)− 2Qerˆa cos θ
ρ4
sin θdθ ∧
[
adtˆ− (rˆ2 + a2)dφˆ
]
.
The outer horizon of KN is at r+ = M +
√
M2 − (a2 +Q2). The Hawking
temperature
TH =
r2+ − (a
2 +Q2)
4πr+(r2+ + a
2)
. (5)
For extreme KN black hole, TH = κ = 0. We haveM
2 = a2+Q2. The outer
horizon then becomes r+ = M , which coincides with the inner horizon, and the
area
A = 4π(M2 + a2). (6)
The Bekenstein-Hawking entropy at extremity is
SBH =
A
4
= π(a2 +M2). (7)
We consider only the extreme KN black hole from now on.
To find the near horizon limit geometry of extreme KN, the following coor-
dinate transformation can be introduced [26]:
rˆ = M + ǫr0r,
tˆ =
r0
ǫ
t, (8)
φˆ = φ+ΩH
r0
ǫ
t,
3
where r20 = M
2 + a2 and ΩH ≡
a
r2
+
+a2
is the angular velocity of the horizon.
After taking the limit ǫ→ 0, metric (1) becomes
ds2 = (M2 + a2 cos2 θ)(−r2dt2 +
dr2
r2
+ dθ2) (9)
+
(M2 + a2)2 sin2 θ
M2 + a2 cos2 θ
(dφ +
2Ma
M2 + a2
rdt)2.
Besides, the near horizon limit of the electromagnetic field becomes
A = f(θ)(dφ +
2aM
M2 + a2
rdt), (10)
f(θ) =
(M2 + a2)[Qe(M
2 − a2 cos2 θ) + 2QmaM cos θ]
2(M2 + a2 cos2 θ)Ma
.
According to [19], the asymptotic symmetries of near horizon geometry can
be worked out for some suitable boundary conditions. All asymptotic Killing
vectors form an algebra and can be expressed as linear combinations of the
following bases,
ξn = ǫn(φ)∂φ − rǫ
′
n(φ)∂r (11)
with mode ǫn(φ) = −e
−inφ. Considering the charge realization of the above
algebra[19], one can get a Virasoro algebra with a central charge
c = 12Ma = 12J. (12)
Besides, the asymptotic symmetries of KN spacetime also include a U(1) gauge
transformation. However, it has no contribution for the central charge.
Following [5], the Frolov-Thorne vacuum for the extreme KN spacetime was
adopted. The quantum fields can be expanded in eigenmodes with energy ω
and angular momentum m, i.e. e−iωtˆ+imφˆ. Here tˆ, φˆ are the Boyer-Lindquist
coordinates. In Poincare-type coordinates (9), we get
e−iωtˆ+imφˆ = e−inRt+inLφ. (13)
Comparing the coefficients in (13), we get the left and right charges associated
to ∂φ and ∂t in the near horizon region[12].
nL = m , nR =
(r2h + a
2)ω − am
ǫrh
. (14)
The Boltzmann factor observed by a canonical observer can be reexpressed as
e
−
ω−mΩH
TH = e
−
nR
TR
−
nL
TL . (15)
So the dimensionless left and right temperatures are
TL =
TH
a(M2 + a2)−1 − ΩH
, TR =
(M2 + a2)TH
ǫM
(16)
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with TH given by (5). In the extreme limit, we get
TL =
M2 + a2
4πMa
, TR = 0. (17)
This means that the quantum fields outside the horizon are thermally dis-
tributed with temperature TL, not in a pure state[5].
According to the Cardy formula, the microscopic entropy of the dual CFT
to extreme IH is
Smicro =
π2
3
cTL = π(M
2 + a2). (18)
This is just the same as the macroscopic Bekenstein-Hawking entropy (7) of
extremal KN black hole.
Now we have reviewed the properties of KN. In the following sections, we will
prove that the near horizon geometry of electrovac extreme isolated horizons is
the same as that of the extreme KN. Then the calculation of microscopic origin
of the Bekenstein-Hawking entropy of electrovac extreme IHs can be reduced to
that of extreme KN.
3 The near horizon geometry of extreme isolated
horizons
In last section, we briefly review the Kerr/CFT correspondence. It is clear
that the near horizon limit of space-time geometry places an important rule
in such correspondence. For stationary black holes, the classification of near
horizon limit has been reviewed in [27]. In this section, in order to generalize the
Kerr/CFT correspondence to more general cases, we consider the near horizon
limit of space-time which contains Ashtekar’s isolated horizon[22]. It has been
proved that all the stationary horizon belongs to IH, including the Schwarzchild
and Kerr horizon. It also contains many nonstationary cases[23, 24].
The definition of isolated horizon can be find in [22]. Roughly speaking, IH
is a null hypersurface ∆ with a pair (h,D), where h is the induced metric tensor
and D the induced derivative operator. By definition, the generator l of ∆ is
shear-free because of the Raychaudhuri equation and hab and D are preserved
by l. There also exists a rotation one form potential ωa satisfying Dal
b =ˆ ωal
b
(Here “ =ˆ ” means equality holds only on the horizon ∆). By definition, ωa
satisfies
Llωa =ˆ 0, (19)
i.e. ωa is time independent.
Now we choose the Bondi-like coordinates to describe the near horizon ge-
ometry of IH [22, 28, 29]. In this coordinate system, we have a complex null
tetrad {n, l,m, m¯} which could be expanded as
n = ∂r,
l = ∂t + U∂r +X∂ζ + X¯∂ζ¯ ,
5
m = W∂r + ξ∂ϑ + ζ∂ϑ¯, (20)
m¯ = W¯∂r + ξ¯∂ϑ¯ + ζ¯∂ϑ.
The vectors l,m, m¯ span the tangent space to ∆ and l is the generator of ∆.
The metric could be written as
gab = −lanb − nalb +mam¯b +mbm¯a. (21)
To get the near horizon limit of IH, the near horizon behavior of the metric
in (21) should be worked out. We will complete this work by using the Newman-
Penrose (NP) formalism[30]. Here the Bondi gauge∇n(n, l,m, m¯) = 0 is chosen,
which means that the tetrad is parallel transported along n. The connection
between the unknown functions in (20) and the spin coefficients in NP formalism
will be built first.
Because (l, m, m¯)|∆ are tangent vectors on ∆, from eq.(20), it means
U =ˆ X =ˆ W =ˆ 0. (22)
Under some suitable rotation, {ma, m¯a} could always be chosen such that
Llm
a =ˆ 0. The chosen gauge then imply that the spin coefficients satisfy1
τ = ν = γ = α+ β¯ − π = µ− µ¯ = 0. (23)
The Raychaudhuri equations and the definition of IH lead to[29]
Ψ0 =ˆ 0, Ψ1 =ˆ 0, ρ =ˆ 0, σ =ˆ 0. (24)
In the existence of electromagetic field, Raychaudhuri equations also give
F lm =ˆ 0. (25)
In terms of NP notations, the above result can be expressed as Φ0 =ˆ 0. This
leads to Φ10 =ˆ 0 because of the Einstein equation and the definition of energy-
momentum tensor of the Maxwell field.
Based on the results of [29], the extreme condition of IH implies
ε =ˆ 0. (26)
After these analyses, the near horizon metric and electromagnetic field can
be solved. The first Cartan structure equations lead to[20]
∂rW = π¯ − µW − λ¯W¯ =ˆ π¯,
∂rU = (ε+ ε¯)− πW − π¯W¯ =ˆ 0,
∂rX = −πξ − π¯ζ¯, (27)
∂rξ = −µξ − λ¯ζ¯,
∂rζ = −µζ − λ¯ξ¯.
1The notations adopted here are in accord with [30]. For example, −τ = la;bm
anb, pi =
na;bm¯
alb, Ψ0 = Cabcdl
amblcmd, Φ10 =
1
2
R42, etc..
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To get the second order derivative of function U , we need the first order deriva-
tive of connection coefficient ε. This can be achieved by using the second Cartan
structure equations, which give
− ∂r(ε+ ε¯) = 2|π|
2 + 2Re(Ψ2)−
R
12
+ 2Φ11. (28)
Since we consider the Einstein-Maxwell system, we know the scalar curvature
vanishes. The above equation also contains the energy-momentum tensor Φ11
of the Maxwell field, so one has to consider the near horizon Maxwell field.
Based on the NP formulism of Maxwell equations[30] and previous analysis, the
Maxwell equations on the horizon are
∂tΦ1 =ˆ 0,
∂tΦ2 =ˆ δ¯Φ1 + 2πΦ1,
∇mΦ1 − ∂rΦ0 =ˆ 0, (29)
∇mΦ2 − ∂rΦ1 =ˆ 2µΦ1 − 2βΦ2.
To work out the unknown functions in (20), we need the near horizon be-
havior of the Ricci tensor component Φ11. It is given by Φ11 = 2 |Φ1|
2
where
Φ1 =
1
2
Fab(l
anb + m¯amb) according to [30]. On the other hand, we know the
definitions of the eletric charge Qe and magnetic charge Qm of a black hole:
Qe =
1
4π
ˆ
∆ˆ
∗F =
1
2π
ˆ
∆ˆ
Fln=
1
π
ˆ
∆ˆ
Re(Φˆ1), (30)
Qm =
1
4π
ˆ
∆ˆ
F =
1
2π
ˆ
∆ˆ
Fm¯m=
1
π
ˆ
∆ˆ
Im(Φˆ1), (31)
in which ∆ˆ is a two-dimensional space section surrounding the black hole. Since
Qe and Qm are well defined, Φ1 and Φ11 are regular on the horizon.
Thus we obtain
U = −[2|πˆ|2 +Re(Ψˆ2) + Φˆ11]r
2 +O(r3),
W = ˆ¯πr +O(r2), (32)
X = −(πˆξˆ + ˆ¯πˆ¯ζ)r +O(r2),
where “ ˆ ” means restricting a function on ∆. In order to consider the near
horizon limit, we need the time dependent relations of U,X andW further. The
commutative relation of l and m gives ∂tξ =ˆ ∂tζ =ˆ 0. Recall the IH condition
(19), which means ∂tπ =ˆ 0, then combining the Bianchi identity and Eq.(24),
we get ∂tΨ2 =ˆ 0. Combining the above results with Eq.(32), we know that the
leading order terms of U,W,X, ξ, ζ in (20) are all time independent.
In Einstein-Maxwell case, following the method of ref.[19], we also need to
consider the near horizon limit of the gauge potential A. Because A has gauge
freedom, by solving Lorentz gauge condition and the relation between A and Fab,
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one can show that there exist a gauge choice such that the following equation
holds,
At =ˆ 0,
Ar =ˆ 0,
D˜2A˜ =ˆ D˜ · F˜ − d˜Fln, (33)
where A˜ is the tangent part of A on the section of horizon, F˜ is the tangent
part of Fab on the section of horizon, D˜ is the induced connection on the section
of horizon and D˜2 is the associated Laplace operator. It is clear that the third
equation is a Laplace equation on S2 so A˜ is fixed by the inner horizon data
Φˆ1 uniquely. From the condition Flm =ˆ 0, one can also find ∂tAm =ˆ 0. Since
Φ1 = Fln+Fmm¯ belongs to inner data of hrizon, one can get the first derivative
of At on horizon as ∂rAt =ˆ Fln = Re(Φ1). From Maxwell equation (29), we
also know that ∂t∂rAt =ˆ 0 is also time independent. So we get the leading term
of A are all time independent.
Now the inverse metric could be written as
gab =


0 −1 0 0
−1 f1r
2 +O(r3) f2r +O(r
2) f¯2r +O(r
2)
0 f2r +O(r
2) 2ξζ¯ |ξ|2 + |ζ|2
0 f¯2r +O(r
2) |ξ|2 + |ζ|2 2ξ¯ζ

 , (34)
where
f1 = 6|π|
2 + 2ReΨ2 + 2Φ11,
f2 = 2(πξ + π¯ζ¯). (35)
They are only the functions of the coordinate θ. In NP tetrad, l and n are
future pointing. The outside region of horizon corresponds to the region r < 0.
We take a transformation r → −r for later convenience. The metric becomes
gµν =

 (habf
a
2 f
b
2 − f1)r
2 +O(r3) −1 −habf
a
2 r +O(r
2)
−1 0 0
−habf
a
2 r +O(r
2) 0 hab

 (36)
with
fa2 = πm
a + π¯m¯a, (37)
hab = mam¯b +mbm¯a.
Here a, b = θ, φ. hab is the intrinsic metric of section ∆ˆ.
By introducing a coordinate rescaling r → ǫr˜, t → t˜ǫ and taking the near
horizon limit ǫ → 0, we get the near horizon metric and gauge potential of
extreme electrovac IH.
ds2 =
(
−f1 + habf
a
2 f
b
2
)
r2dt2 − 2dtdr − 2habf
a
2 rdx
bdt+ habdx
adxb. (38)
A = −Re(Φˆ1)rdt + A˜ϑdϑ+ A˜ϑ¯dϑ¯.
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Here the tilde was omitted for conveniences.
Based on the analysis of this section, an important fact is that the near
horizon limit of the metric and the gauge potential only depends on the inner
horizon data of IH, i.e. (h,D) and Φˆ1. In other words, any two space-times
that each contains an extreme IH will have the same near horizon limit if they
share the same inner horizon data.
4 The electrovac extreme IH/CFT correspondence
In last section, the general near horizon metric and gauge field of extreme elec-
trovac IH have been derived. In this section, we will work out the explicit form
of the metric of axisymmetric electrovac extreme IHs and compare it with that
of the extreme KN spacetime.
It has been proved that all the axi-symmetric electrovac extreme isolated
horizons coincide with the extreme Kerr-Newman event horizon[25]. For axisym-
metric extreme IH, there is a vector field (∂ϕ)
a that generates the proper sym-
metry group O(2) of the IH. Instead of the auxiliary coordinate θ, Lewandowski
and Pawlowski introduced a function x. It is defined by ǫab(∂ϕ)
b = 2(dx)a. The
coordinate x is in region [− A
8π ,
A
8π ] where A is equal to the area of ∆ˆ and a
constant. In coordinate (φ, x), the null 2-frame on ∆ˆ takes the following form
m =
1
2
(
1
P
∂x + iP∂ϕ). (39)
The 1-form ωa can be decomposed with two functions U and B which are
globally defined on ∆ˆ.
ω = ⋆dU + d lnB. (40)
Here “ ⋆ ” stands for the intrinsic Hodge dual on section ∆ˆ. In NP notations,
we have
ωa = −(ε+ ε¯)na + (α+ β¯)m¯a + (α¯+ β)ma, (41)
So the spin coefficient π becomes, for extreme IH,
π = −iδ¯U + δ¯ lnB. (42)
In terms of U,B and P , based on the result of Lewandowski and Pawlowski[25],
the solution of axi-symmetric electrovac extremal IH could be expressed by three
real parameters A,α and θ0,
P 2 =
4π(1 + α2)
A
1 + b2x2
1− (8πA x)
2
,
U = − arctan(bx), (43)
B = (1 + b2x2)1/2,
Φ1 = e
iθ0
√
π
A
2α
1 + α2
1
(1± ibx)2
.
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Here b2 = 1−α
2
1+α2 (
8π
A )
2, α ∈ [0, 1], θ0 ∈ [0, 2π).
By definition, the electric and magnetic charges are given by the real and
imaginary part of the internal respectively.
1
4π
ˆ
∆ˆ
∗F + iF = eiθ0α
√
A
4π
. (44)
Thus Qe = Q cos θ0 and Qm = Q sin θ0 where α
2 A
4π = Q
2.
Now we could work out the parameters in (35). From (42) and (43), we have
π = −i
1
2P
b
1 + b2x2
+
1
2P
b2x
1 + b2x2
, (45)
Combining with (37), there are
habf
a
2 dx
b =
2b2x
1 + b2x2
dx−
1
P 2
2b
1 + b2x2
dϕ,
habf
a
2 f
b
2 =
2b2
P 2(1 + b2x2)
. (46)
We come to f1. For electrovac IH, R = 0. The NP equations and Einstein-
Maxwell equation lead to
f1 = 6 |π|
2
−K + 8 |Φ1|
2
. (47)
Here the Gaussian curvature K of ∆ˆ is
K =
16π
A(1 + α2)2
1− 3b2x2
(1 + b2x2)3
. (48)
Plugging (43,45,48) into (47), we finally get
f1 =
3Ab2
8π(1 + α2)
1− (8πA x)
2
(1 + b2x2)2
−
16π
A(1 + α2)2
1− 3b2x2
(1 + b2x2)3
+
8π
A
(
2α
1 + α2
)2
1
(1 + b2x2)2
. (49)
The metric could be reorganized as
ds2 = −f1r
2dt2 − 2dtdr (50)
+2P 2(dx −
1
P 2
b2x
1 + b2x2
rdt)2
+
2
P 2
(dϕ+
b
1 + b2x2
rdt)2.
Let us turn to the electromagnetic field. From (43), we get the gauge field
strength on ∆.
Frt =
4π
A(1 + α2)
Qe(1− b
2x2) + 2Qmbx
(1 + b2x2)2
, (51)
Fxϕ =
8π
A(1 + α2)
Qm(1 − b
2x2)− 2Qebx
(1 + b2x2)2
.
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Since the gauge field is time-independent and rotationally symmetric, the com-
ponents of gauge potential A are only functions of x, r. On the other hand,
gauge condition Ar = 0 could always be chosen. Ax is only the functions of x
on ∆ which could also be gauge fixed to Ax = 0. So we get
Ar = 0, Ax = 0.
At =
4π
A(1 + α2)
Qe(1 − b
2x2)− 2Qmbx
(1 + b2x2)2
r +O(r2), (52)
Aϕ =
4π
Ab(1 + α2)
Qe(1− b
2x2) + 2Qmbx
1 + b2x2
+O(r).
By introducing a coordinate rescaling r → ǫr˜, t → t˜ǫ and taking the near
horizon limit ǫ→ 0, we get the near horizon geometry and gauge field of extreme
electrovac IH. They have the same form as (50,52) if the tilde was omitted.
Now the metric of near horizon extreme IH is determined by two parameters:
the horizon area A and charge Q. The metric of extreme KN is also determined
by two parameters: the mass M and angular momentum a. For extreme KN,
M2 = a2+Q2 and the area of event horizon A = 4π(M2+a2). Thus the extreme
KN could also be described by the horizon area A and the electric charge Q.
Based on the uniqueness theorem, the near horizon geometry of extreme IH and
extreme KN should be the same. In fact, if the coordinate x ≡ A
8π cos θ was
introduced in extreme KN, and the two parameters M and a were replaced by
A = 4π(M2 + a2) and α2 = 4πA Q
2 = M
2
−a2
M2+a2
, we will find that the near horizon
limit metric of extreme KN is exactly the same as that of extreme IH. To make
this clearer, we proceed to make a coordinate transformation for line element
(9).
ρ =
M2 + a2 cos2 θ
M2 + a2
r,
v = (M2 + a2)(t+
1
r
), (53)
ϕ = φ+
2Ma
M2 + a2
ln r.
Then the metric of near horizon limit extreme KN becomes
ds2 = −
(M2 + a2 cos2 θ)2 + 4a4 cos2 θ sin2 θ
(M2 + a2 cos2 θ)3
ρ2dv2 − 2dvdρ (54)
+(M2 + a2 cos2 θ)(dθ +
2a2 cos θ sin θ
(M2 + a2 cos2 θ)2
ρdv)2
+
(M2 + a2)2 sin2 θ
M2 + a2 cos2 θ
(dϕ+
2Ma
(M2 + a2)(M2 + a2 cos2 θ)
ρdv)2.
This is the Bondi coordinate for KN. It is easy to shown that
(M2 + a2 cos2 θ)2 + 4a4 cos2 θ sin2 θ
(M2 + a2 cos2 θ)3
= f1, (55)
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(M2 + a2)2 sin2 θ
M2 + a2 cos2 θ
=
2
P 2
.
Thus the near horizon metric of extreme (54) is the same as that of extreme IH
(50).
Besides, the gauge field (10) under coordinate transformation (53) becomes
A = f(θ)(dϕ+
kρ
M2 + a2 cos2 θ
dv), (56)
which is exactly the same as (52).
So it has been proved that the near horizon limit of a general electrovac
axisymmetric extreme IH is exactly the same as that of the extreme KN black
hole. According to the construction of the Bondi-like coordinate, ∂t is an asymp-
totic Killing vector of IH up to some terms of high order. This enables us to
take Fourier transformation to define the Frolov temperature, which is similar
to the case of Kerr spacetime. It has been shown that IHs have the thermody-
namic properties similar to traditional black hole horizons. Hawking radiation
is emitted by IHs as well. So IHs also have entropy. On the other hand, the
correspondence between KN-AdS and CFT was uncovered in [19]. Since we
have shown that the near horizon metric and gauge field of electrovac extreme
IHs are the same as those of extreme KN, the electrovac extreme IH/CFT re-
duces to the case of KN-AdS/CFT by vanishing the cosmological constant, as
we have presented in section 2. Thus the electrovac extreme IHs are holograph-
ically dual to a chiral two-dimensional CFT with central charge c = 12J . The
macroscopic Bekenstein-Hawking entropy of electrovac extreme IHs can be re-
produced by computing the microscopic entropy from the Cardy formula for the
two-dimensional conformal field theory.
5 Summary and discussions
The Kerr/CFT correspondence is generalized to the electrovac axisymmetric ex-
treme IH/CFT correspondence. The macroscopic Bekenstein-Hawking entropy
of extreme IH is reproduced by computing the microscopic entropy for the dual
two-dimensional conformal field theory.
We first reviewed the near horizon geometry of KN spacetime, then derived
the general near horizon limit of spacetimes containing IHs. It was shown that,
in the near horizon limit, any two spacetimes each contains an extreme IH will
have the same near horizon structure if they have the same inner horizon data.
For axisymmetic electrovac extreme IH, the uniqueness theorem states that it
coincides with the extreme Kerr-Newman event horizon under the near horizon
limit. We built the near horizon limit of spacetimes containing IHs explicitly and
found that it is exactly the same as the near horizon limit of KN spacetime after
a coordinate transformation between the Bondi-like coordinates and Poincare-
type coordinates, where the explicit form of this coordinate transformation is
found. Then the Kerr/CFT correspondence was generalized to the electrovac
extreme IH/CFT correspondence.
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As stressed in Section 3, the IH geometry is intrinsically determined. This
implies that the microscopic origin of IH entropy is determined by the intrinsic
geometry. We expect that further study on this aspect will more clearly outline
a geometric picture of the Kerr/CFT correspondence.
To be even more general, the electrovac spacetimes containing IHs with cos-
mological constant can be considered, whose near horizon geometry is expected
to be exactly the same as that of the KN-(A)dS spacetime. In order to do
that, however, one needs to generalize Lewandowski and Pawlowski’s unique-
ness theorem to the case with cosmological constant, which will be left for future
works.
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